INTRODUCTION
Transthyretin familial amyloid polyneuropathy (TTR-FAP) is a devastating disease which not only robs patients of their quality of life (QOL)-mainly from nerve and heart dysfunction-but also promises to inflict a similar fate on their children [1, 2] . An effective treatment for TTR-FAP is sorely needed. There are currently two therapeutic approaches which have proven effective in the treatment of TTR-FAP caused by either abnormal or dysfunctional proteins: One is to interrupt the pathways through which TTR causes TTR-FAP's pathology; the other is to eliminate (or at least decrease) the production of the protein which leads to amyloid fibril formation.
The first therapeutic approach to be tested for TTR-FAP was liver transplantation (LT). This eliminated the production of the causative TTR mutant by the liver [3] . Although this therapy has met with success, it is often limited as a result of continued amyloid fibril formation from wild-type (WT) TTR which results in disease progression in some patients, even though 98% of mutated TTR is no more produced. The need for other therapeutic approaches was therefore apparent.
The idea of altering the pathway of TTR to amyloid fibril formation was conceived from the in vitro observation that mutations in the TTR protein destabilized its tetrameric structure and enhanced amyloid fibril formation [4, 5] . If this destabilization was a factor in amyloid pathogenesis, therapeutic agents which stabilized the structure of TTR might therefore interfere with amyloid formation. Further studies revealed that the binding of thyroxine to TTR resulted in the stabilization of TTR in solution [4, 5] . This led to a search for nontoxic, small organic compounds which could bind to the TTR-thyroxine-binding pocket and, hence, stabilize TTR's structure. Diflunisal, an anti-inflammatory drug marketed for treatment of arthritis, was shown to do this [6] , and this led to further studies to find safe synthetic compounds that would selectively stabilize TTR and that had greater TTR-stabilizing potency.
THE DISCOVERY OF TAFAMIDIS AS A POTENTIAL TREATMENT FOR TTR-FAP
As mentioned above, mutations in TTR destabilize its homotetrameric structure, and lead to its dissociation into monomers that misfold and misassemble into tissues as amyloid deposits [4, 5] . Amyloidogenesis is certainly responsible for neurodegeneration in TTR-FAP [7] [8] [9] [10] 41 ].
An in vitro analysis of material from patients of Portuguese descent who inherited one copy of the Val30Met TTR gene, with the presence of a second mutation-namely T119 M-on their second allele, showed that this resulted in the formation of T119 M/Val30Met TTR heterotetramers [4, 5, 11, 12] . These are more stable than the heterotetramers which comprise the Val30Met and WT subunits, and the more stable they are the less likely it is that they will dissociate into the monomers that aggregate as amyloid fibrils and cause toxicity to tissues [5] . This mechanism is known to ameliorate the phenotypical expression of TTR-FAP [4, 5] .
Based on this concept, a compound that could selectively bind to the TTR tetrameric structure and increase the kinetic barrier for tetramer dissociation similar to the heterozygous compound T119 M/Val30Met TTR was searched for [4] . Of the multiple TTR kinetic stabilizers reported, benzoxazoles were pursued to identify an oral candidate exhibiting potent and selective TTR binding in blood, while lacking the nonsteroidal anti-inflammatory activity that would be deleterious to patients with cardiomyopathy (CM). Tafamidis, or 2-(3,5-dichloro-phenyl)-benzoxazole-6-carboxylic acid, was the compound chosen for clinical development. Tafamidis selectively binds TTR with negative cooperativity and kinetically stabilizes WT TTR and mutant TTR under fibrilpromoting conditions (at pH 4.5), denaturing conditions (high urea concentration), and physiological conditions, and therefore has the potential to halt the amyloidogenic cascade initiated by tetramer dissociation, monomer misfolding, and aggregation [4] . A study by Bulawa et al. [5] showed that tafamidis was able to stabilize the two most significant mutations, Val30Met and V122I TTR, in the same way as it stabilized WT TTR. In addition, 30 other amyloidogenic variants of TTR were stabilized by tafamidis. Tafamidis dose-dependently decreases the rate of tetramer dissociation at physiological pH [4, 5] . Tafamidis binds with high affinity to TTR at its T4-binding sites, and there is no concern of thyroid metabolic effects since less than 1% of TTR in circulating plasma carries thyroxine [4, 5] . The primary carrier of thyroxine is thyroxine-binding globulin. Of note, tafamidis also binds selectively to TTR in human plasma [4, 5] .
Amyloid non-fibril intermediates can also cause toxicity [4] . Therefore, for optimal treatment, it is desired that the amyloidogenic cascade is halted at the beginning-that is, the rate-limiting step of the cascade that is considered to be the dissociation of tetramers into monomers (Fig. 1) . For the development of clinical trials on tafamidis, it was hypothesized that TTR stabilization would lead to reduced amyloid deposition and hence less neurodegeneration ( Fig. 2 ) [5] .
CLINICAL TRIALS WITH TAFAMIDIS

Fx-005
The primary objective of the first tafamidis trial, Fx-005, was to evaluate the effect of 18 months of tafamidis treatment (20 mg once daily) on disease progression, and to assess its safety in TTR-FAP Val30Met patients [13] . [14, 15] . TTR stabilization immunoturbidimetric assays were performed on the plasma of patients [13] .
The primary efficacy endpoints analyzed in the intent-to-treat (ITT; all randomized patients) population were the NIS-LL response to treatment and least-square (LS) mean change from baseline in Norfolk QOL-DN at 18 months.
Responders were considered as those who had an increase in NIS-LL from baseline of\2 points. Patients who discontinued due to LT were defined as nonresponders [13] .
A further analysis was performed in the population that completed the study. The efficacy-evaluable (EE) population was Baseline characteristics of the patients receiving either tafamidis or placebo were similar.
Patients were in the early stage of the disease with greater involvement of small-fiber function, in relatively good nutritional status, and had some impairment of QOL [13] .
In the ITT population, there was a trend toward more NIS-LL responders in the tafamidis group when compared with the placebo group at month 18 (45.3% vs. 29.5%, respectively).
The change from baseline in Norfolk QOL-DN score in the two groups was not significant at month 18. In the EE population, significantly more patients treated with tafamidis were NIS-LL responders when compared to the placebo-treated group (60% vs. 38.1%, respectively, P = 0.041) and a significantly lower LS mean change from baseline in Norfolk QOL-DN in the tafamidis group when compared to the placebo group was observed (0.1 vs. 8.9 points, respectively, P = 0.045) [13] . Adverse events were equally distributed in both treatment groups and were mostly related to the disease itself [13] .
The Fx-005 trial was a substantial challenge due to the rarity of the disease, its systemic nature, the absence of studies on its natural course, and the fact that there were no devoted validated outcome measures for TTR-FAP. There was also a higher than anticipated dropout rate due to LT (21% observed vs. 10% estimated).
The choice to undergo LT was equally distributed in both treatment arms and probably reflects the fact that patients had been on the waiting list for LT for a long time and could therefore not afford to wait until the end of the study to make their decision when they were called for LT. Furthermore, LT was considered the standard of care at that time the study was conducted and so patients had a difficult decision on whether to continue using an experimental drug or to undergo LT.
The choice to consider patients who underwent LT as nonresponders possibly influenced the analyses of NIS-LL in the ITT population, probably underpowering the effect on NIS-LL progression. In spite of the inability to demonstrate statistical significance in the primary outcomes, overall the results demonstrated the potential of tafamidis to slow neurologic deterioration and maintain nutritional status. Tafamidis was well tolerated which is important for a continuous-use drug [13] . Future studies would be necessary to study the long-term effects of tafamidis on disease progression.
Fx-006
The extension study, Fx-006, was conducted to determine the long-term safety and tolerability of tafamidis, and to assess its efficacy on slowing disease progression [16] . Patients with TTR-FAP who completed the previous study [13] AEs adverse events, CM cardiomyopathy, EE efficacy evaluable, NIS-LL neuropathy impairment score in the lower limbs, Norfolk QOL-DN Norfolk quality of life-diabetic neuropathy questionnaire, NYHA New York heart association, SAEs serious adverse events, TTR transthyretin, TQoL quality of life to the placebo arm in the previous study were switched to the active drug arm and constituted the placebo-tafamidis group; patients who were on tafamidis in the previous study were continued on tafamidis and constituted the tafamidis-tafamidis group. Values obtained at the 18-month visit of the previous study were considered as baseline values for the extension study, except for 14 patients who went off-drug for a period for more than 2 months due to delays in regulatory approval at their sites. For these patients, new baseline values were obtained and they were not included in the ITT population [16] .
Efficacy measures were the same as for the previous study [13] [14] [15] and were conducted every 6 months on the ITT population [16] .
Adverse events were monitored for the duration of the study. [13, 16] .
To assess efficacy, three hypotheses were proposed. First, that the effect of tafamidis to slow disease progression could be sustained for additional 12 months. To analyze this, the monthly rate of change during the first 18 months was compared to the monthly rate of change during the extension period of the study for the tafamidis-tafamidis population.
Second, that tafamidis given to patients who were on placebo in Fx-005 [13] could slow disease progression. To evaluate this, the monthly rate of change of several outcomes was compared during Fx-006 and Fx-005 in the placebo-tafamidis group. Finally, that earlier treatment with tafamidis resulted in better outcomes. Changes in several efficacy measures from the baseline of Fx-005 [13] with month 12 of Fx-006 were compared in the tafamidis-tafamidis group and in the placebotafamidis group. Muscle weakness at the individual joint locations was also evaluated for early-start treatment effect [16] .
From the 91 patients who completed Fx-005 study [13] , 86 (94.5%) were enrolled in Fx-006 [16] . Five patients decided not to participate in the extension phase. Of the 86 patients that were enrolled, 71 were considered as the ITT population since 14 (16.3 %) were excluded due to an interruption in treatment of more than 2 months between the studies and one other who did not receive tafamidis. Sixty-three (88.7%) completed the extension study. The demographic characteristics of both groups were similar, although patients from the placebo-tafamidis arm presented greater disease severity as could be noticed by their NIS-LL values and other parameters at the start of the Fx-006 study [16] .
In the tafamidis-tafamidis group, there were no statistically significant differences in the monthly rate of change in measures including NIS-LL, Norfolk QOL-DN, P 7 NTs, and P 3 NTs scores when comparing the first 18 months of the previous study with the 12 months of the extension study [16] . The monthly rate of change of mBMI dropped in the tafamidistafamidis group after entry into Fx-006, but remained higher than those observed prior to treatment. By comparing the rate of progression of several outcomes in the placebo-tafamidis group between the two phases of the study, a significant reduction in the rate of neurologic 
Fx1A-201
In addition to the Fx-005 study, a parallel study was conducted in patients with TTR-FAP due to non-Val3OMet mutations to assess the effect of tafamidis on TTR stabilization and clinical outcomes in these variants [17] . Fx1A-201 was a 12-month study that enrolled patients from centers in Europe and the USA; the study had an open-label design and was divided into two parts. In the first part, patients who received a daily dose of 20 mg of tafamidis were studied at week 6 for TTR stabilization. In the second part, those who demonstrated TTR stabilization were followed for a total of 12 months. The main exclusion criteria was the presence of Val3OMet or Val122Ile TTR mutations. TTR stabilization was studied using the same method as in the previous studies [13, 16] and was considered a primary outcome at week 6.
As [17] .
TTR stabilization at week 6 was achieved in 18 (94.7 %) of 19 of the ITT population (two patients could not be evaluated) [17] . One patient who did not present TTR stabilization had a TTR Gly47Ala mutation; assessed again at months 3 and 6, this patient then achieved stabilization. After 12 months of treatment, the mean increase in total NIS was 5. Mean changes in Norfolk QOL-DN from baseline at months 6 and 12 were negligible [17] . The overall nutritional status was maintained over 12 months with variation between the 6-month and 12-month analyses.
In patients with an interventricular septal wall [12 mm at baseline, no clinically significant change was observed. Mean NT-proBNP values were elevated at baseline and remained stable at month 12. Troponin I was normal at baseline and remained stable throughout. Patients that were considered at a high risk of heart failure at baseline, defined as levels of NT-proBNP [1000 pg/ml, had a median increase in NT-proBNP levels of 521 pg/ml as compared to 47 pg/ml in patients with a low likelihood of heart failure at baseline. Adverse events were mostly related to the severity of the disease. Abnormalities in echocardiography and EKGs were considered consistent with cardiac morbidity [17] . Long-term data and controlled trials on evaluating more specifically cardiac function are expected.
Fx1A-303
Interim results were presented at the European Federation of Neurological Societies (EFNS) meeting in 2014 from the ongoing Fx1A-303 study [18] . Fx1A-303 is an open-label trial that enrolled patients who either received tafamidis in the single-treatment arm of the Fx1A-201 study (all non-Val30Met) [17] , or completed the 18-month placebo-controlled Fx-005 trial [13] and then received tafamidis in the 12-month Fx-006 extension study (all Val30Met) [16] .
Tafamidis was generally well tolerated [18] .
All patient groups experienced some disease progression; those with Val30Met in the tafamidis-tafamidis arm had numerically smaller increases in NIS-LL and Norfolk QOL-DN scores than those in the placebo-tafamidis arm at 66 months. Furthermore, once patients in the placebo-tafamidis arm began treatment with tafamidis, their apparent rate of increase in NIS-LL scores was similar to those in the tafamidistafamidis arm. Non-Val30Met patients had a higher disease burden at baseline and increases in NIS-LL scores at 48 months in a similar way to those seen in the Val30Met patients at 66 months. Long-term use of tafamidis in Val30Met patients was associated with less advancement in polyneuropathy impairment; however, the lack of a placebo control group hampers the interpretation of the efficacy results in non-Val30Met patients [18] . The above studies in part provided the basis for the rationale to evaluate tafamidis for the treatment of TTR-CM. The ATTR-ACT trial [24] is an ongoing phase III, randomized study of tafamidis versus placebo for the treatment of TTR-CM [23] . respect to NIS and disability [27] . In late-onset cases, a different composition of amyloid deposit has been shown in most tissues, especially in the heart, as opposed to early-onset cases. In work by Koike et al. [28] , amyloid deposits were examined postmortem in eight cases. In early-onset cases, deposits were highly congophilic and had long, parallel fibrils in most organs. In late-onset cases, deposits were generally weakly congophilic and had short, haphazard fibrils, mostly like deposits from native TTR and similar to that observed in senile systemic amyloidosis (SSA), suggesting a different mechanism for organ damage. In addition, the amount of amyloid deposition in the peripheral nervous system was small for the severity of nerve fiber loss in late-onset cases, as was shown in another postmortem study from the same authors [29] , precluding a mechanism of damage that goes beyond the deposit itself and should be taken into consideration if we are to put the effects of tafamidis into late-onset cases into the right context. Authors, including Ueda and Ando [30] and Karnofsky and PND scores (any increase was considered deterioration). Twenty-two patients were selected, of whom 13 were Brazilian and 9 were French, and were divided into three distinct groups: 8 patients submitted to LT, 7 using tafamidis, and 7 who were not treated. Of them 77.27% were in PND stage I and 22.73%
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were in stage II. The median evaluation period of patients submitted to LT was 3 (range 1-5) years, treated with tafamidis was 3 (range 2-5) years, and with no treatment was 2. Considering the restraints of the study (with a small population and retrospective analysis), it was the first to compare LT to tafamidis treatment between comparable groups of patients. After a follow-up of 2-6 years in this small population study, similar neurological outcomes were observed in the tafamidistreated and LT groups when compared to the untreated group, using the Karnofsky and PND scores as an evaluation method. Both had a better clinical course in relation to the natural evolution of the disease [33] . Controlled prospective studies comparing both treatments would be very useful but also very difficult to achieve.
Coelho et al. [34] , from the two most important reference centers in Portugal (Porto showed a significant decrease in NIS score between 6 and 12 months (2.41 vs. 2.33, respectively, P\0.01) [32] . Tafamidis prevented neurological, BMI, and QOL deterioration in 61 % of the cases treated for one year.
FUTURE DIRECTIONS
Experts and patients are currently awaiting the long-term results obtained so far from treatment with tafamidis, as well as it safety profile, so that these can be comparable to the results of LT, of which we have a long experience of more than 20 years to demonstrate its efficacy [3, 35] . Also to be noted is that the mortality and morbidity TTR-FAP to progress [36] . Another limitation of LT is that if the age of a patient is greater than 65 years then this usually constitutes an exclusion criterium in most centers, thus making tafamidis a good safe alternative for late-onset cases [37] .
The impact of tafamidis on cardiac disease is also of great interest as little is known about its long-term effect. Cardiac data previously arose from the Fx1A-201 trial [17] , although recently published data from the Fx1B-201 study [21] , is encouraging further evaluation of tafamidis for TTR-CM in an ongoing worldwide phase III double-blind, randomized, placebo-controlled study of tafamidis in up to 400 patients with TTR-CM (NCT01994889) [23] . The efficacy of tafamidis for SSA will be partially determined after the conclusion of this trial. As tafamidis is a safe drug and equally capable of stabilizing mutant and native TTR, interest is increasing for this potential treatment for a senile population. In addition, there is no knowledge regarding the impact of tafamidis on renal disease, which would have a very important, positive effect on long-term survival of patients with ATTR.
According to the results of trials and real-world experience [13, 16-21, 23-25, 27, 30-35] , the use of tafamidis in very early symptomatic/asymptomatic TTR-FAP patients, before the overt onset of the disease, would benefit most from its effect on disease progression-the most important goal at the present moment. To achieve this, medical doctors and patient communities are fostering searches for early disease markers, carriers of the mutation in families, and final diagnosis of suspected and non-suspected cases (late-onset and sporadic cases for instance).
To foster the increase in the ability to recognize new patients and carriers, it is crucial to spread the knowledge of the disease and make diagnostic tools available. In developed countries, local networks of medical doctors work well. Referral centers act by centralizing data and preceptorship. In underdeveloped countries, the challenge is far more difficult as teaching about a rare disease faces poor health systems and the complete lack of diagnostic means, in an unfavorable social and economic environment. In past years, countries like those in Latin America are slowly recognizing the presence of TTR-FAP with various presentations and multiple genetic backgrounds and the interest in this extremely underdiagnosed disease is definitely increasing.
Late-onset and sporadic cases are very challenging to diagnose but the availability of new tools for diagnosis and the increase in the awareness of this disease are enhancing our capability of detecting those cases very frequently misdiagnosed as idiopathic or chronic inflammatory demyelinating polyneuropathy, to mention just a few. Their recognition will enable a much earlier initiation of therapy than is the usual case and hence improve the prognosis after treatment [38] . Another question of interest is the effect of tafamidis on preventing the development of amyloidosis in the recipient of a domino LT, as well as its use as a combined treatment with LT.
There is awareness of some patients being treated in these contexts but so far no results have been reported. A randomized clinical trial was reported in 2013 where diflunisal was shown to reduce the rate of progression of neurologic impairment and to preserve patient QOL at the 2-year follow-up period of the study [39] . This study 
CONCLUSION
Tafamidis has opened the way for a nonsurgical treatment possibility for TTR-FAP, being both safe and efficacious in treating early-stage patients, and a practical oral drug to be prescribed for a lifetime. In the future, tafamidis will potentially find a more important use as a drug capable of delaying or arresting TTR-FAP expression as much as possible; however, this will be dependent on its proper use at the correct moment, that is, especially before the overt expression of TTR-FAP. The last task will be the more challenging to achieve unless a robust biomarker for TTR-FAP onset is identified.
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